Although gold salts have been used in the treatment of rheumatoid arthritis (RA) for more than 40 years (Rodnan and Benedek, 1970) , the mode of action has not as yet been understood. Several possibilities regarding the mechanism of the therapeutic effect of gold salts have been put forward: (1) inhibition of the activity of lysosomal enzymes in synovial membrane (Persellin and Ziff, 1966) , (2) increased stability of collagen (Adam et al., 1965) , and (3) increased fibriolytic activity (Andersen and Winther, 1968) . These hypotheses have suggested that the site of action of gold salts was in the synovial membrane and cavity.
The localization of gold in the synovial tissues after administration of gold salts has been observed under optical microscope with histochemical staining (Lewis and Ziff, 1966) , by photochemical technique (Dore and Vernon-Roberts, 1976) , and by autoradiography (Tonna et al., 1963) . These data indicated that the granules of gold were seen in the cytoplasm of synovial lining cells and subsynovial phagocytes as a form of intracellular inclusions.
Accepted for publication July 15, 1976 Correspondence to Dr. H. Nakamura Under the electron microscope the gold intracellular inclusions were found in the form of filamentous deposits (Norton et al., 1968) . Stuve and Galle (1970) found that mitochondria in the renal cortex of rats injected with sodium aurothiopropanol sulphonate contained deposits which were morphologically similar to filamentous deposits in synovial membrane, and they detected gold in the deposits with an x-ray microanalyser.
We examined the localization of gold in eponembedded sections of the synovial membrane of RA patients treated with sodium aurothiomalate. An electron microscope and electron probe microanalyser were used, and the concentration of gold localized in the synovial membrane was quantitatively analysed to infer the nature ofgold intracellular inclusions.
Materials and methods

SYNOVIAL TISSUES
Synovial tissues were obtained at the time of synovectomies from the knees of 7 patients with definite or classical rheumatoid arthritis. 5 patients had received intramuscular injections of sodium aurothiomalate (Shiosol, Shionogi). The synovial tissue of 2 RA patients who were not treated with gold salts was used as control. The gold therapy received by the patients is summarized in Table 1 . 
Results
In the synovial tissue of all RA patients were found hyperplasia of the synovial lining cells, proliferation of capillaries, infiltration of the tissue by inflammatory cells, and interstitial deposition of fibrin-like materials. The degree of these findings ranged from severe to slight in accordance with the particular section of tissue.
A remarkable morphological difference between the synovial membrane of those patients treated with gold salt and those not treated was found in regard to the dense bodies usually considered as lysosomes in synovial lining cells and subsynovial mononuclear cells. These single membrane-bound dense bodies showed various shapes which were classified into four types based on the materials they contained: (1) homogeneous medium-density matrix, (2) Fig. 1 (Fig. 5) .
Though almost all the dense bodies in the synovial tissue of patients who did not receive gold therapy were homogeneous medium-density matrix, mediumdensity granules also were found (Fig. 1) . Type (3) and (4) dense bodies containing characteristic electron dense deposits were only observed in the synovial tissue of patients treated with sodium aurothiomalate.
Type (3) dense bodies measuring 0 5-l 5 vm in diameter were found in the synovial lining type A cells of 2 patients (Cases 1 and 5) (Fig. 2) , and the subsynovial mononuclear cells of 5 patients (Cases 1-5) (Fig. 3) .
At higher magnification, the filamentous deposits were seen to consist of a radial accumulation of numerous filaments of varying lengths and about 5 nm in diameter (Fig. 4) lysosomes. x 13 700. Fig. 4 The filamentous deposits, shown at higher magnification, were composed offine electron-dense filaments arranged in a radial pattern. x 23 100. electron-dense materials, and myelin structure. x 13 700. (Fig. 7a) .
The sulphur-to-gold ratios of x-ray intensity of tissue sections and sodium aurothiomalate deposits are shown in Table 2 . In one of the 2 patients a significant difference can be seen between the S/Au count ratios for standard sodium aurothiomalate deposits and deposits in tissue sections. No significant difference is noted in any other case. The x-ray intensity of gold detected in highly electron-dense granules was much stronger than that of filamentous deposits, but the intensity of sulphur was very low (Fig. 8a) . Gold was not detected in dense bodies having a homogeneous matrix and containing medium-density granules, or other organelles, cytoplasma, collagen fibres, and other extracellular matrix. tMeans of 10 dried precipitates (3-10 ,tm diameter) on carbon film. §Mean ± standard error (n = 10).
**Probability of a significant difference between ratios of sulphur to gold in lysosonies and sodium aurothiomalate in standard.
The x-ray intensities of gold obtained by quantitative spot analysis of thick sections are shown in Table 3 . In the back-scattered electron image, the filamentous deposits and highly electron-dense granules were seen in synovial lining cells and subsynovial mononuclear cells as extremely bright grains in medium brightness granules 0 5-3 5 m in diameter.
QUANTITATIVE ANALYSIS OF STANDARD SPECIMENS
Spot analysis of standard specimens did not result in uniform x-ray intensity values among the respective spots. However, unit areas were designated and the mean x-ray intensity value of 10 random points within one of these unit areas in a section was very nearly the same as that of the other unit areas. The counting rate for all standard specimens was found group.bmj.com on June 21, 2017 -Published by http://ard.bmj.com/ Downloaded from Applying the x-ray intensities of the dense bodies having filamentous deposits and highly electrondense granules of patients who underwent gold therapy to the above equation, the gold concentrations calculated ranged from 2-0 to 87-4 mg/ml (Table 3) .
Discussion
Although studies of the ultrastructure of RA synovium have been reported in recent years (Barland et al., 1964; Hirohata and Kobayashi, 1964; Norton and Ziff, 1966; Ghadially and Roy, 1967) , there has been little description of the ultrastructural changes of synovium after administration of gold salts. Barland et al. (1964) found, in their study of the ultrastructure of the synovium of RA patients treated with gold salts, that the synovial lining type A cells contained large residual bodies *Counts in embedding material. P = peak counts; B = background counts from the spectrometer offset by 0 1 cm.
characterized by various electron-dense materials and myelin structure. The residual bodies showed high levels of acid phosphatase activity, suggesting that the lysosomes, in the lining cells might contain administered gold ingested by cells. Norton et al. (1968) reported that after intraarticular injection of sodium aurothiomalate filamentous deposits were found in the lysosomes and phagasomes of synovial lining cells and subsynovial mononuclear cells of RA patients and rabbits. Ghadially et al. (1976) , using an energy dispersive x-ray analyser, confirmed that gold was detectable in lysosomes containing filamentous deposits.
The nature of the gold inclusions is not known, but several possibilities have been suggested: (1) gold binds the SH group of lysosomal enzymes and acts as enzyme inhibitor; (2) metallothioneine, having many SH groups, is biosynthesized in the presence of gold and incorporated in lysosomes; (3) sodium aurothiomalate simply accumulates in lysosomes, etc.
It has been proposed that the mechanism of action of gold and its clinical effectiveness may be mediated by its inhibitory action in lysosomal enzymes in vitro (Caygill and Jevons, 1965; Persellin and Ziff, 1966; Paltemaa, 1968; Ennis et al., 1968) . The data showed that such an effect was noted at a gold concentration of about 250 ,ug/ml. But this concentration of gold was much lower than that detected by XMA within the lysosomes containing filamentous deposits. It is therefore difficult to accept that the gold inclusion observed by electron microscope and XMA was solely due to the inhibition of lysosomal enzymes.
Again, metallothioneine is a special protein in which cadmium and zinc are strongly bound with thioneine (MW about 10 000) which contains many SH groups mostly derived from cysteine Vallee, 1960, 1961) . It was said that there was acute biosynthesis of thioneine when excessive quantities of cadmium, zinc, mercury, and copper invaded a living body, and that it combined with the heavy metals to turn into innoxious metallothioneine (Pulido et al., 1966; Evans and Cornatzer, 1970; Wisniewska et al., 1970) . Mizuhira and Kimura (1973) compiled typical x-ray analytical data on Cd-thioneine from electrondense lysosomes in the kidney and liver cells ofmice in which acute cadmium poisoning was induced. However, since it has not been reported that metallothioneine is biosynthesized in the presence of gold, it is not clear whether the sulphate detected together with gold originated from metallothioneine.
After intra-articular injection of sodium thiomalate alone, synthesized filamentous deposits were found in lysosomes of synovial lining cells and macrophagic cells in synovial membrane (Norton et al., 1968) . Our XMA studies showed high concentrations of gold and sulphur in lysosomes containing filamentous deposits. However, the sulphur-to-gold x-ray intensity ratio was higher than their ratio in sodium aurothiomalate. Based on these facts, an assumption of the nature of gold inclusions in synovial membrane produced by aurothiomalate is that gold occurs as sulphur compounds and heavily accumulates in lysosomes. The structure of the highly electron-dense granules resembled that of colloidal gold particles, but they were larger than the latter. Scarcely any sulphur was detected in these granules by XMA. It may be possible that the filamentous deposits were changed into highly electron-dense granules through some metabolic processes as in the case of ferritin synthesis after administration of iron dextran (Ball et al., 1964) .
Gold inclusions were found in the synovial lining cells and subsynovial mononuclear cells of RA patients who had last received an injection 3 years previously. It had previously been reported that gold remained in synovial tissue for quite some time after completion of gold therapy (Grahame et al., 1974) , and also maintained its therapeutic effect for 12 months after administration (Empire Rheumatism Council, 1960 . It is possible that this gold is stored mainly in the form of gold inclusions in synovial membrane.
We were not able to detect gold in collagen fibres by XMA. Adam et al. (1965) , however reported that electron micrographs of tail tendon collagen fibres showed four staining bands per period after administration of gold salts to rats and that gold therapy brought about increased pH and load stability. Furthermore, Mehard and Volcani (1975) have stated that when the contents of biological specimens are examined by XMA, such factors as the loss of elements during fixation, dehydration, embedding, and/or sectioning as well as the detection limit of the XMA must be taken into consideration.
It is therefore possible that this loss of gold or the XMA detection limit may be the reason we were unable to detect gold in collagen fibres of synovial membrane or in lysosomes which did not contain filamentous deposits or highly electron-dense granules.
In our study using an XMA it was not possible to associate any of the therapeutic effects of gold salts with the distribution and localization of gold. However, it did suggest something with regard to the metabolism and preservation of gold in the synovial membrane in that high concentrations of gold and sulphur were detected in lysosomes containing filamentous deposits while the same structure and distribution of gold inclusions were found in synovial membrane 3 years after gold therapy was stopped. 
